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PREDICTION OF FATIGUE-CRACK-PROPAGATION BEHAVIOR
IN PANELS WITH SIMULATED RIVET FORCES

By I. E. Figge and J. C. Newman, Jr.
Langley Research Center

SUMMARY

Analytical and experimental studies were conducted to determine the rates of
fatigue-crack propagation in 7075-T6 aluminum-alloy sheet specimens containing either
symmetric or nonsymmetric cracks subjected to uniform end loads, concentrated loads,
or combinations of both. The concentrated loads simulated rivet forces and were applied
by a special hydraulic fixture which is described.

These studies indicate that the curve of stress-intensity factor against crack growth
rate obtained from tests on simple specimens of a given material tested at load ratios of
0.05 to -1 can be successfully used to predict the crack-propagation behavior of complex
specimens of the same material tested over the same range of load ratios. It was also
observed that better predictions of life were obtained for panels subjected to concentrated
forces when the stress-intensity factors were obtained by using the measured strains on
the uncracked panels rather than by using those obtained from the theoretical point load
solutions.

INTRODUCTION

Various authors have shown that fatigue-crack-propagation behavior of simple
specimens can be correlated with the stress state at the tip of the crack as defined by the
stress-intensity factor. (See refs. 1to 4.) The specimens used in references 1 to 3
were loaded by either uniform end loads or by concentrated forces applied to the crack
surface. In reference 1 the authors stated "It is expected that such methods can be
further developed to correlate all specimen behavior and all structural behavior for which
analytical solutions or reasonable approximations are known or can be found." A similar
hypothesis was stated in reference 2.

The purpose of the present investigation was to demonstrate that the relation
between the rate of fatigue-crack propagation and the stress-intensity factor obtained
from tests on simple specimens could be used to predict the crack-propagation behavior
of specimens having configurations similar to those occurring in built-up structures.



This report is divided into two parts. The first part concerns itself with the speci-
mens and techniques used to "characterize the material,' that is, to obtain the relation
between the siress-intensity factor and the crack growth rate. The second part of this
report concerns itself with the analysis of five specimen configurations which approximate
the geometry and loading conditions in built-up structures. The method of calculating the
stress-intensity factor for each configuration is described and comparisons are made
between the predicted and experimental results.

SYMBOLS

The units used for the physical quantities defined in this paper are given in U.S.
Customary Units and in the International System of Units (SI) (ref. 5). Appendix A pre-
sents factors relating these two systems of units.

a half-length of crack, inches (centimeters)

ag equivalent half-length of crack, inches (centimeters)

aj initial half-length of crack, inches (centimeters)

b half-width of specimen, inches (centimeters)

D pin diameter, inches (centimeters)

d perpendicular distance from center line of specimen to center of hole,

inches (centimeters)

da/dN fatigue-crack growth rate, inches/cycle (meters/cycle)

e distance from the center of a crack to the vertical center line of the
specimen, inches (centimeters)

h half-length of specimen, inches (centimeters)

k stress-intensity factor, pound~inch"3/ 2 (meganewton~meter“3/ 2)

Kmax stress-intensity factor corresponding to maximum load, 1:’01.1nd—inch":‘}/2
(meganewton- meter-3/2)

L length of crack from one side of a hole, inches (centimeters)



L initial length of crack from one side of a hole, inches (meters)

N number of load cycles

P concentrated force, pounds (newtons)

Prax maximum concentrated force during cyclic loading, pounds (newtons)

Pmin minimum concentrated force during cyclic loading, pounds (newtons)

R load ratio, minimum load to maximum load

S uniform stress applied to the ends of the panels (based on gross area),

kilopounds/square inch (meganewtons/meter?2)

Smax maximum uniform stress during cyclic loading (based on gross area),
kilopounds/square inch (meganewtons/ meter2)

t plate thickness, inches (centimeters)

X0 perpendicular distance from center line of crack to point of application of
concentrated force, inches (centimeters)

Yo perpendicular distance from plane of crack to point of application of con-
centrated force (midpoint of bearing interface), inches (centimeters)

o(x) stress distribution in uncracked panel normal to the x-axis,
kilopounds/square inch (meganewtons/meter2)

v Poisson’'s ratio
p radius of hole, inches (centimeters)
CHARACTERIZATION OF MATERIAL

As shown in references 1 to 3 the crack-propagation behavior of simple specimens
from a given material can be characterized by plotting the stress-intensity factor against
crack growth rate. The curve of stress-intensity factor (maximum during cycle) against
crack growth rate, henceforth called the k-rate curve, was obtained for the 7075-T6
aluminum alloy studied in this investigation by using center-cracked specimens subjected
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to either uniformly distributed end loads or to concentrated forces on the crack surface
(hereafter called uniform load and wedge force, respectively). The ratio of minimum to
maximum load for these tests was 0.05. The dimensions of the specimens are given in

sketches (a) and (b).

Uniformly loaded panel Wedge-force panel

R

2ai = 0.50 in. (1.26 cm)

Zai = 0.2 in. (0.5 cm) S %b = 12 in. (30 cm)
= ; 2h

2b = 12 in. (30 cm) 2h =5, 8, 12, 17, 25 in.

13, 20, 30, 43, 64
2h = 36 in. (91 cm) _.( 2a L_ Waiath A 4304 om)
D =0.50 in. {1.26 cm)

—r’2al<—

l—— 2b —»

EERE iz

Sketch (a) Sketch (b)

Details of the equipment and test procedures used are presented in appendix B. The
crack-propagation data obtained from these specimens are presented in table I. The
stress-intensity factors for these specimens were obtained as follows:

The stress-intensity factor for a panel with uniform load was obtained from refer-

ence 6 and is

K -—-.S\EF(%) 1

where F(E) is a boundary-correction factor which adjusts the stress-intensity factor

for an infinite plate to account for the influence of the finite width of the panel. The
boundary-correction factor was obtained from the solution for the elastic-stress concen-
tration at an elliptic hole in a strip of infinite length and finite width subjected to a uniform
load. (See ref. 7.) The influence of specimen length 2h and grip constraint were
assumed to be of minor importance when the length-width ratio was greater than 2.

The stress-intensity factor for the wedge force-loaded panel was obtained from ref-
erence 6 and is

K = ﬂ-f’—va_ F(%,%) (2)

where F(%,-ﬁ-) is a boundary-correction factor accounting for both finite width and length.

The boundary-correction factor was approximated by superposing the solutions for a strip



of infinite length and finite width (ref. 6) and one of infinite width and finite length
(ref. 8) and resulted in the following expression:

aa)_ h
F(b’h) b

@)

where 'G(%) was approximated by the following expression:

G(%) ~1- 0.08(%)+ 2.69(%)2 4 0.91(%)3 (4)

With the foregoing expressions for k and the data from table I, the k-rate curve
for the 7075-T6 alloy at a load ratio of 0.05 was calculated and is presented in figure 1.
The solid and dashed curves represent the mean (logarithmic) and extremes of the exper-
imental data, respectively. As in references 1 and 2, the data for both types of loading
fell along the same curve. It should be noted that the k-rate curve presented in figure 1
is considered applicable for values of load ratio from 0.05 to -1 since it has been shown
that the compressive portion of the load cycle does not contribute appreciably to the rate
of crack growth in 7075-T6 aluminum alloy (refs. 1 and 9) and the differences in the range
of zero to 0.05 are assumed to be negligible.

If it is assumed, as in references 1 and 2, that the curve in figure 1 truly charac-
terizes the crack-propagation behavior of the material at the load ranges of interest, the
curve can be used as the basic tool for making predictions of the crack-propagation behav-
ior of more complex configurations., Predictions of crack length against the number of
cycles are obtained by calculating the variation in the stress-intensity factor as the crack
advances and then using this information to integrate numerically the k-rate curve in
figure 1.

In the following sections, analytical expressions for the stress-intensity factor for
five configurations are presented. The experimentally determined crack-propagation
behavior is compared with predictions based on the k-rate curve of figure 1.

ANALYSIS AND EXPERIMENTAL RESULTS FOR PANELS SUBJECTED
TO VARIOUS COMBINATIONS OF LOAD

In the following section, the analysis of each configuration used is described in
detail. In general, theoretical stress-intensity solutions obtained from the literature
were used. Superposition of these solutions was used where appropriate. Comparisons
are made between the experimental and predicted curves of crack length against cycles



for each configuration. The prediction of crack length against cycles was based on the
logarithmic mean and the extremes of the crack-growth-rate data in figure 1. The exper-
imental crack-propagation data are presented in table I.

Case A

For the growth of a fatigue crack A f f " A S
from one side of a hole located eccen-
trically in a uniformly loaded panel ‘ :
(sketch (c)), the assumption was made L, = 0.15 in. (0.38 cm)
that the combination of crack and hole "l d l"‘ 2b = 12 in. (30 cm)
could be represented by an equivalent p'O—— 2h 9h = 36 in. (91 cm)
crack. Thereby, the problem of an - L b d =3.0in. (7.6 cm)
eccentric hole and single crack is p =0.50 in. (1.26 cm)
reduced to the case of an eccentric fe— 2 —»
crack in a panel. The reason for using
an equivalent crack was that finite Y ‘ & ‘ Y
boundary corrections did not exist in Sketch (c)

the literature for the case of an eccen-

tric hole and crack, but did exist for the case of an eccentric crack in a panel. The equiv-
alent crack length was obtained by equating the stress-intensity factors for an infinite
plate containing a hole and single crack with that for an infinite plate with a crack. The
stress intensities were obtained from references 10 and 6, and are, respectively,

K = SUEF(-pL—) (5)
and
k = S|ag (®)

where F(-g—") is a function which describes the influence of the hole on the stress-

intensity factor. Eliminating k with the use of equations (5) and (6) and solving for ag
results in the relation for the equivalent crack length

ag = L[F(blﬂ)]z (7)

The equivalent crack length calculated by equation (7) is very nearly equal to the sum of
the actual crack length plus hole diameter. The stress-intensity factor for case A is then

k = S\ag F(E,:;—e) ®)

. .- O T T T - Ve —



where F(%,f'b—e) is the boundary-correction factor which accounts for the crack eccen-

tricity and finite width. (See ref. 11.) The predicted mean and the possible scatter in
data for crack length plotted against cycles are presented in figure 2 as a solid line and
shaded area, respectively. The symbols represent the data obtained from two identical
tests and show good agreement with the predicted resulis.

Case B

The simulation of rivet forces in L
the testing laboratory is important to the P ’
understanding of the parameters which é——r 2ai = 1.0 in. (2.5 cm)
influence fatigue-crack growth in the Yo 2b =12 in. (30 cm)
vicinity of rivets in structures. The 4+ | 2n 2h = 12 in. (30 cm)
growth of a symme?rlcal fatigue crack ——| 2a |4— v =2.951n. (5.7 cm)
in a panel loaded with concentrated o
forces (sketch (d)) simulated the growth ? D =0.38in. (0.96 cm)
of a fatigue crack in a riveted doubler. Y
Cyclic loads were applied by two pins I.._ 2b _.I
located along the longitudinal center line
of the panel. In this case, the stress- Sketch (d)

intensity equation for loads applied at a

point was assumed to be applicable since the pins were located more than 5 diameters
away from the plane of the crack. The stress-intensity factor for a crack in an infinite
plate with symmetric point loads was obtained from reference 12. The solution for a
finite panel is

- Pﬁﬁs + v))l'o2 + 2a2 F(a a) )

= Z‘ITtI\ (3,2 . y02)3/2 p’h

where F(%,%) is an approximate boundary-correction factor. (See eq. (3).)

The prediction of the crack-length-against-cycles curve for this specimen is shown
in figure 3. As in case A, the predicted mean and the possible scatter in the data for
crack length plotted against cycles are presented as a solid line and shaded area, respec-
tively. The symbols represent the data obtained from tests of two identical specimens
and show reasonable agreement with the predicted results,



Case C
The growth of a fatigue crack — 20 —]

from one side of a hole located eccen- k) L, = 0.8 in. (2 cm)

trically in a panel subjected to con- de-
centrated forces (sketch (e)) is desig- gu
nated case C. Case C is similar to i Yo
case A, except that the loading was by O R
concentrated forces. The theoretical ?
stress-intensity factor for a crack

which is eccentric with respect to the L
line of load application in an infinite
plate subjected to concentrated forces
was obtained from reference 13. This

Sketch (e)

2b =12 in. (30 cm)

2h =12 in. (30 cm)

2h y, =0.91 in. (2.3 cm)
p =0.18 in. (0.45 cm)
d =1.45 in. (3.68 cm)
D =0.50 in. (1.26 cm)

solution was adjusted by using the equivalent crack length as in case A. The stress

intensity for case C is:

P g ae)
k= 11 - LYF|{—,—
nt\'ae( 1 2) (b h
The quantities I; and Iy are given by:

1 2x0yo

~

gae +%o)(1+ n)[(xo - ae)2 + yoz] + 2y02a§ sin %tan' 5
' X Yo * %

I = R
2 1/4
1+ n)[(xo - ae)z * YOZ] (X02 = Y02 - aez) + 4x02y02]
o 2x
{Yo(l + 1) l:(xo - ae)z % Yoz}zyoae(xo c aeﬁcos -;-tan 3 5 0;0 5
I Xo ~ Yo -~ 2e
9 = o DRSS §
2 1/4
(1 +n) [(Ko = ae)2 * Yoﬂ [:(on - YOZ - aez) + 4x02y02]
where
_3-v
= 1+v

J

(10)

The boundary-correction factor accounting for crack eccentricity was negligible

for this case.



Equation (10) assumes theoretical point loading. However, in this case, the pins
were located reasonably close to the plane of the crack and thus the finite pin size was
expected to influence the crack growth. In order to determine the actual stress distribu-
tion on the panel resulting from the pin loading, strain gages were placed along the trans-
verse axis of an uncracked panel and strains were measured at the loads of interest. The
stress distribution obtained from the strain readings is presented in figure 4. Also pre-
sented in the figure is the theoretical solution which assumes point loadings. (See ref. 14.)
Opposite trends in the stress distribution were found in the region between the pins for a
distance approximately equal to the pin diameter. Since noticeable differences were
observed, a stress-intensity factor which takes into account the actual stress distribution
on the uncracked panel was calculated by using the following stress-intensity equation for

an infinite sheet (from ref. 12):
1 S‘ a \,a + X
mVaY-a % B-X :

where o(x) was calculated from strain readings obtained from the uncracked panel sub-
jected to the maximum load conditions expected during the cyclic testing. Numerical
integration of this expression yielded the stress-intensity factor as a function of crack

length.

The predictions based on equation (10) and on equation (12) for crack length plotted
against cycles are shown in figure 5 as solid and dashed curves, respectively. The curve
obtained from equation (12) approaches the trend of the data and produces substantially
better agreement with experiment than the results obtained from equation (10).

Case D
The specimens for growth of a

symmetrical fatigue crack in a panel A + 1‘ f a S 2a, = I.F) in. (2.5 cm)
subjected to uniform load and concen- 4+  2b =8in. (20 cm)
trated forces (sketch (f)) are of partic- 2h =24 in. (61 cm)
ular interest because of the similarity to &P Vo = 0.50 in. (1.26 cm)
the actual case of a crack propagating in _*? 0.75 in. (1.90 cm)
tl';e ik;n Ti:tfterial oi an a:::rcra:t undfar a ) — TO 2h -1.00 in. (2.54 cm)
riveted stiffener. series of speci- a
mens were investigated in this cr;se. ? 1.50:4n, (3-81,20m]
The parameters studied included pin le— 2b —> 2.00 in. (5.08 cm)
spacing, pin diameter, and load. The k. D =0.25 in. (0.63 cm)
pin loadings (simulated rivets) were v + + # Y = 0.50 in. (1.26 cm)

applied by a hydraulic jack under steady

Sketch (f
pressure (constant load). The forces on etch (f)



the pins fluctuated slightly as a result of the cyclic uniform loading, but at all times
tended to close the crack. The stress at the tip of the crack thus varied between tension
and compression. However, the k-rate curve for a load ratio of 0.05 was considered
applicable. (See section "Characterization of Material.")

The theoretical stress intensity factor for this case was obtained by superposing
the stress-intensity factors for a centrally cracked panel subjected to uniform load
(refs. 6 and 7) and that for a centrally cracked panel subjected to concentrated forces
(ref. 12). These solutions were adjusted to account for finite width (see ref. 6) and are,

respectively,
k =S\a F(%) (13)

and

(3 + v) 2, 232
k- 2 { (aziy; 2;3/2 - (E) )
(o]

Inasmuch as the concentrated forces tended to close the crack, it was necessary to use
equation (14) with a negative sign to account for the direction of loading. A schematic
representation of these two solutions and their algebraic sum are represented in figure 6.

As in case C, the finite size of the pin hole was expected to influence the stress
distribution. The combined influence of the jack-mounting hole (see appendix B) and pin
holes on the stress distribution along the transverse axis on a panel subjected to uniform
loading is presented in figure 7(a). The influence of finite pin size on the stress dis-
tribution of a panel subjected to concentrated forces is presented in figure 7(b). Also
shown in the figures are the theoretical stress distributions obtained by using the solu-
tions for point loads. Noticeable differences between the theoretical and measured stress
distribution along the X-axis were observed in the vicinity of the pin holes.

The experimental results and the predictions obtained by using the resultant theo-
retical stress-intensity expression and those obtained by using equation (12) are pre-
sented in figures 8(a) and 8(b). Predictions were made by using equation (12) only for
those specimens with y, equal to 1.0 inch (2.54 cm) since they were the only specimens
for which the measured strain distributions were obtained. For the specimens loaded
with high values of concentrated force, it was necessary to allow the fatigue crack to
propagate to a total length of approximately 1 inch (2.54 cm) prior to applying the con-
centrated force. This procedure was followed in order to prevent cracks from starting
in the vicinity of the pin holes. For consistency, all the crack-length data presented in
figure 8 start at a length of 1.2 inches (3.05 cm). As expected, high pin forces or small
pin spacings retarded crack growth. The largest pin force used in the study increased
the life by about a factor of 7 over that obtained when the pin force was zero. In general,
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the predictions obtained by using equation (12) were very good and produced substantially
better agreement with the data than those based on theoretical point load.

Case E
The growth of a fatigue crack

from one side of a hole located eccen- ‘r T f f ! -

‘ ]
trically in a panel subjected to a uni- d .
form load and concentrated forces is l.- Li =0.2 in. (0.5 cm)
designated case E (sketch (g)). Case E g_*_ 2b = 12 in. (30 cm)
is similar to cases A and C and repre- [P~ _go 2h 2h = 36 in. (91 cm)
sents a fatigue crack propagating from ¥ 2 1.0 in. (2.5 cm)
one side of an eccentric hole toward a p =0.50 in. (1.26 cm)
row of rivets in a stiffened panel. The d = 3.0 in. (7.6 cm)
concentrated forces were applied in the . )
same manner as in case D. Again, both Y J' —i \J e

L

theoretical-stress intensities and those l-— 2b
based on strain-gage measurements

(eq. (12)) were used in the predictions. Sketch (g)

The resultant theoretical stress-intensity factor for this case was obtained by superposi-
tion of the stress intensity for a centrally cracked panel subjected to uniform load and
that for the concentrated forces. The stress-intensity factor for a single crack growing
from one side of an eccentric hole in a panel subjected to uniform load was obtained by
using the equivalent crack length a, as in case A, and is

a
k = S|fag F(%,Fe) (15)

The stress-intensity factor for concentrated forces applied to the same configuration is

P a
- nt\!a_e(ll = Ig)F(E,Fe) (16)

A boundary-correction factor was not available for this loading configuration. However,
it was assumed that the correction factor applied to the uniformly loaded panel would give
reasonable results. The quantities I; and Ig are defined in case C. Since the con-
centrated forces tended to close the crack, the stress-intensity factor for the concentrated
forces (eq. (16)) was used with a negative sign. The algebraic sum of the stress intensi-
ties for these two cases is represented in figure 9. As in case D, the k-rate curve for a
load ratio of 0.05 was considered applicable. The predicted curves of crack length
against cycles for this specimen are shown in figure 10, together with the data obtained
from one test. The agreement between the actual cycles and those predicted by using the
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resultant stress-intensity solution (solid curve) was considered good except when the
crack tip was located to the right of the line of action of the pin forces. This disagree-
ment was attributed to the reduction in stress along the plane of the crack due to the
finite pin size in a manner similar to that encountered in cases C and D. The predic-
tions based on equation (12) (dashed curve) gave substantially better agreement with the
data in the region where the crack extended beyond the line of action of the pin forces.

CONCLUDING REMARKS

Analytical and experimental studies were conducted on the rates of fatigue-crack
propagation in 7075-T6 aluminum-alloy sheet specimens subjected to combinations of
uniform load and concentrated forces similar to those occurring in built-up structures.
These studies indicate that the curve of stress-intensity factor plotted against crack-
growth rate obtained from tests on simple specimens of a given material tested at load
ratios of 0.05 to -1 can be successfully used to predict the crack-propagation behavior of
complex specimens of the same material tested over the same range of load ratios. It
was also observed that better predictions of life were obtained for panels subjected to
concentrated forces when the stress-intensity factors were obtained by using measured
strains on the uncracked panels rather than by using those obtained from theoretical
point load solutions.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., April 16, 1968,
126-14-03-01-23.
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APPENDIX A
CONVERSION OF U.S. CUSTOMARY UNITS TO SI UNITS
The International System of Units (SI) was adopted by the Eleventh General

Conference of Weights and Measures, Paris, October 1960, in Resolution No. 12 (ref. 5).
Conversion factors for the units used herein are given in the following table:

Physical quantity U.S. CI}‘:ffmarY Cegverston SI Unit
. &)
Force. ... ... ..... 1bf 4.448222 newton (N)
Length . . ... ...... in. 2.54 X 10~2 | meter (m)
Stress. . . . .. .. .. .. |ksi 6.894757 meganewton/meter2 (MN/m?2)
Stress-intensity factor . . .| 1bf-in~3/2  [1.099 x 10-3| MN-m-3/2
Frequency . .. . ... .. cpm 1.67 X 102 |hertz (Hz)

*Multiply value given in U.S. Customary Unit by conversion factor to obtain equiv-
alent value in SI Unit.

Prefixes to indicate multiple of units are as follows:

Prefix Multiple
micro (u) 10-6
milli (m) 10-3
centi (c) 10-2
kilo (k) 103
mega (M) 108

13



APPENDIX B
SPECIMENS, EQUIPMENT, AND TEST PROCEDURES

The panels studied were constructed of 0.090-in. (2.28 mm) thick 7075-T6 aluminum
alloy. The material was obtained from a special fatigue stock (see ref. 15) retained at
Langley Research Center for fatigue testing. A slit perpendicular to the direction of
loading was produced in each specimen by either a saw cut or by a spark-discharge tech-
nique to act as a crack starter. A grid was photographically printed on each specimen to
facilitate measurement of crack growth. The line spacing in the grid was 0.05 inch
(1.27 mm). Both metallographic and tensile tests revealed that the grid had no detrimen-
tal effect on the material. In order to follow the crack growth, the fatigue cracks were
observed through a 30-power microscope while illuminated by stroboscopic light.

The axial-load fatigue testing equipment used in this investigation included a sub-
resonant machine (ref. 16), an inertia-force compensating machine, and a combination
hydraulic and subresonant machine (ref. 16). The subresonant machine had an operating
frequency of 1800 cpm (30 Hz) and a load capacity of +20 000 pounds (89 kN). The
inertia-force compensating machine had an operating frequency of 1200 cpm (20 Hz) and
a load capacity of +20 000 pounds (89 kN). The combination hydraulic and subresonant
machine was operated only in the hydraulic mode. In this mode the operating frequency
was 50 cpm (0.8 Hz) and the load capacity was 132 000 pounds (586 kN).

Two types of specially designed fixtures (fig. 11) were used in this investigation to
apply concentrated cyclic tension forces to the test specimens. The type shown in fig-
ure 11(a) was used for the cases in which the pin holes were remote from the crack
whereas the type shown in figure 11(b) was used to apply loads as near to the crack sur-
face as possible. In the latter case, the pins were semicircular in cross section and two
were inserted in the same hole.

The type of fixture used to apply concentrated compressive forces is shown sche-
matically in figure 12. The fixture consisted of a small hydraulic jack and sets of straps
which transmitted the loads through pins to the specimen. The outer straps were attached
to the jack ram by a pin which passed through slots in the inner straps. The inner straps
were attached to the cylinder of the jack. The inner and outer straps were in the same
plane. Two observation slots were provided in the legs of the outer straps to permit
observations of the crack as it grew under the legs. Strain gages were mounted on each
leg of the outer straps to monitor loads. The jack was mounted in a hole in the specimen
located approximately 6% inches (16.5 cm) from the plane of the crack. The center of the
jack was on the center line of the specimen in both the width and thickness directions.
Pressure was applied to the jack by an accumulator and was set at the desired value prior

14



APPENDIX B

to application of the uniform cyclic loads. The pressure, and thus the concentrated load,
fluctuated approximately +8 ‘percent as the specimen was cycled. The minimum and maxi-

mum compressive forces on the specimen occurred when the uniform cyclic forces were
a minimum and maximum, respectively.
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TABLE L- FATIGUE-CRACK-PROPAGATION DATA FOR 7075-T6 ALUMINUM ALLOY AT R =0.05
[t-=0801n (0.23 em)]

(a) Uniformly loaded panel. 2b =12 in. (30 cm); 2h =36 in. (91 cm)
r 3 Mumber of kilocyeles required to propagate a crack from a total length of 0.60 in. (1.52 cm) toa length of —
; 0.8 in. 1.0 in. 1.2 in, 1.4 in. 1.8 in. 1.8 in. 2.0 in. 2.2 in. 2.4 in. 2.6 in. 2.8 in. 3.0 in. 3.2 in. 3.4 in. 3.6 in. 3.8 in.
]ks‘ MK/ m? (2.03 l-cnm) {2.54 1t:m} (3.05 em) [(3.56 cm) | (4.06 cm) [{4.57 cm) |(5.08 cm)|(5.59 cm) |(6.10 em) [(6.80 cm) |(7.11 cm) |(7.62 em) | (8.13 cm)|(B.64 cm)|(9.14 cm) |{9.65 cm)
5.2 358 220 345 90 418 439 456 471 481 492 500 507 513 520 525 530 534
5.5 37.9 | 164 244 286 | 318 340 | 360 376 : a0 : 401 411 418 425 431 437 443 440
(b) Wedge-force panel, 2b =12 in. (30 cm}
P 2h Number of kilocyeles required to propagate a crack from a total length of 1.0 in. (2.54 cm) to a length of =
1.2 in, 1.4 in. 1.4 in. 1.8 in, 2.0 in. 2.2 in. 2.4 in, 2.6 in. 2.8 in. 3.0 in. 3.2 in. 3.4 in 3.6 in. 3.8 in. 4,0 in.
Iof | KN |in. |em|q s onl (3,56 cm) |(4.06 cm) | (4,57 em) | (5.08 cm)|(5.59 cm) |(6.10 cm)|(6.60 cm)|(7.11 em)|(7.62 em)|(8.13 em) |(8.64 cm) | (9.14 cm) |(8.65 cm) | (10.16 cm)
‘1000|444 25064 | 14,8 5.3 561 | 873 127.3 176.5 | 2325 | 3175 | 475 685 915 1193 | 1523 1916 -
2000'3‘89 17143 4 8 14 20 21.5 7.5 48 60 T4.5 a0 108 128 | 142 164 182
1150°5.11 17 43| 17 38 B2 131 /] 215 275 341 418 516 616 13 835 880 1148
2000 8.89 12 30 3 3 ] 13 18 22 27 32 38 43 49 55 62 0 ™
L2000 . 8 89 12 30| 2 4 7 11 15 20 . 25 31 a 43 30 a7 G4 3 Kt
2000'8.80| 820 4 | 8 13 0 4 2 a3 | o4 47 53 60 ' 67 73 19 : 85 92
|115€l|5‘11 8|20, 12 L] ‘ 42 . G4 94 ki [ 187 T236 | 288 311 | 342 i 370 I‘. 404 ; 433 i 461
!2000 8.89| 5|13 3 H ] 9 12 16 I 20 | 26 30 34 a | 40 44 46 49
lilEgO!SJ!.l 5| 13| 12 | 24 ! 37 | a0 64 | ki i 90 1102 114 _l 126 137 148 | 157 | 167 177
(c) Case A. S=3.66ksi (25.2 MN/m2); 2b=12in. (30 em); 2h =38 in. (91 cm}
I Number of kilocycles required to propagate a crack from total length of 0.15 in. (0.38 cm) to a length of -
sPe':ime“! 0.35in. | 0.55in, | 0.75in, | 0.95in. | 1.15in. | 1.35dn, | 1.55in. | 1.75dn. | 2.154n, | 2.354in. | 2.55in. | 2.754n. | 3.15tn. | 3.354n, | 3.551n. | 3.754n. | 3.95 in. 4.35 in,
'{0.89 cm)|(1.40 cm)| (1.81 cm)| (2.41 cm}|(2.92 cm)|{3.43 cm)|(3.94 cm)|(4.45 em)|(5.48 cm)|(5.97 cm)|(6.48 cm)|(6.99 cm)| (8.00 cm)|(8.51 em}|(9.02 cm)|(9.53 cm) |(10.03 cm) |(11.05 em)
1 114 512 660 168 877 953 | 1016 1073 1162 1199 1234 1270 1332 1356 1374 1383 1410 1439
2 302 508 649 65 BEd 940 1012 1070 1172 1219 1258 1298 1362 1393 1420 1444 1468 1510
(d) Case B. Pmax= 1920 Ibf (8.35kN); 2b= 12in, (30 cm): 2h=12in. (30 cm)
Number of kiloeycles required to propagate a crack from total length of 1.00 in. (2.54 cm) to a length of —
Specimen| 50 1n, | 140 in, | 1.60 tn. | 1.80 in. | 2.00 in. | 2.20 in. | 2.40 in. | 2.60 in. | 2.80 in. | 3.00 in. | 3.20 in. | 3.40 in. | 3.60 in. | 3.80 in. | 4.00 tn,
N (3.05 em) |(3.56 cm)| (4.06 cm) | {4.57 cm)|(5.08 cm)|(5.69 cm) |(8.10 em)|(6.80 cm)|{7.11 em)|(7.62 em)|(B.13 cm)|(8.64 cm)|(9.14 cm)|(9.65 em)|(10.16 em)
1 27.1 50.8 68.8 B84.9 99.8 115 123 135.5 144.2 154.3 163.8 172.6 182.2 191 198.4
2 40.6 68.6 814 ' 1118 1298.4 141.8 157.8 176.8 187.6 196.3 207.9 221 230.8 242.5 PR
{e} Case C. Ppayx= 1150 lbf {5.12 kN); Zbw 12 in. (30 em); 2h=12in. (30 cm)
Number of kilocycles required togropag(ale a crack from total length of 1.00 in. (2.54 em) for specimen 1
. and 0.8 2,03 em) for specimen 2 to a length of —
" 1.00 in. | 1.20 in. 40 in. | 1,60 in, | 1.80 in. | 2,00 in. | 2.20 in. | 2.40 in. | 2.60 in. | 2.80in, | 3.00 in.
(2.54 cm)[{3.05 cm) (3 58 cm) (4.06 cm) |(4.57 em}] (5.08 cm) |(5.59 em)|(6.10 em) |{6.60 cm)|(7.11 em) |{7.62 em)
1 - 94 218 408 488 340 589 636 697 M B46
2 93.4 170 345 500 579 621 668 719 T2 835 917
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TABLE L.- FATIGUE-CRACK-PROPAGATION DATA FOR 7075-T6 ALUMINUM ALLOY AT R =0.05 — Concluded

{f) Case D. Pin diameter, 0.25in. (0.63 cm); Spyax = 14.8 ksi (102 MN/m2); 2b=8in. (20 cm); 2h=24in. (61 cm)

Number of kilocycles required to propagate a crack from total length of

P Yo 1.20 in. (3.05 cm) to a length of —
B KN i em o GRGL @0em)  @stem)  (BoBem)  (nseem) (510 em)
0o 0 1.00 2.5 1 1.75 2 2.75 3 3.25
485 216 100 254 3.9 6.95 8.9 10.8 A -
735 3.27 50 121 5.10 8.65 11.65 14.8 15.75 G
735 3.27  1.00  2.54 3.65 6.3 8.3 9.5 g wea
960 427  1.00  2.54 4.4 8.35 11.3 13.6 —
975  4.3¢  1.00  2.54 4.55 7.2 9.9 12 13.5 14.85
1125 5.00 75 1.90 7.7 12.95 17.5 20.8 g s
1185 527  1.00  2.54 6.65 1 14.95 17.5 S B
1340 596  1.00  2.5¢ 9.5 15.65 21.2 24.95 —_— S
710 3.16 50 1.7 6.95 11 14.25 16.9 - —
735 32T  1.00  2.54 5.25 9.65 13.25 15.5 17 18.1
765  3.40 a5 1.90 4.15 7.25 10 1..75 13.05 14.05
880  3.91  1.00  2.54 6.1 11.35 16.6 19.25 21.6 -
940 4.8  1.00 2.5 6.2 9.25 12.75 14.65 1 18.55
1140 507 100  2.5¢ 1115 17.05 21.05 25.25 27.75 i
1140 5.07  1.00  2.54 6.2 10.55 14.6 16.2 18.8 ssas
1200 © 534  1.00  2.54 10 14.35 18 20.9 22.7 24.3
1210 | 538 | 150  8.81 545 . 9.5 12.9 15.85 18 FE
1210 | 538 | 2.00 | s5.08 4.05 725 | 9.55 11.75 13.5 st
1320 | 587 | 1.00 | 2.54 ‘ 10.55 ‘ 17.8 ‘ 23.2 26.9 29.65 ssss

(g) Case B. Spay=8Kksi (55.2 MN/m2); Pryax = 1090 Ibf (4.85kN); 2b=12in. (30 cm); 2h =236 in. (91 cm)

Number of kilocycles required to propagate a crack from total length of 0.20 in. (0.51 cm) to a length of —

Specimen| g g0 in. | 1.00 in. | 1.48 in. | 2.00 in. |, 2.42 in. 2.62 in. , 2.80 in. | 2.98in. | 3.02 in. | 3.12in. 3.25in. | 3.55in. | 3.93 in. 4.45 in, 5.00 in, 5.50 in.
(1.52 em) | (2.54 em) [(3.76 cm) [(5.08 cm)|(6.15 cm)|(6.65 cm) (7.11 em)|(7.57 cm)! (7.65 em)|(7.92 cm)|(8.25 cm) | (3.00 cm) ((9.98 em)|(11.30 em)|(12.70 em)|(13.97 cm)
1 25 45 63 82 110 135 165 200 234 266 300 342 368 388 400 405
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Figure 1.- Variation of stress-intensity factor with crack-growth rate for uniformly loaded and wedge force 7075-T6 aluminum-atloy

panels at R = 0,05.
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Figure 2.- Comparison of predicted and experimental fatigue crack propagation from one side of a hole located eccentrically in a uniformly
loaded 7075-T6 aluminum-alloy panel. S = 3.66 ksi (25.2 MN/m2); R = 0.05.
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Figure 3.- Comparison of predicted and experimental fatigue crack propagation for a symmetrically cracked 7075-T6 aluminum-alloy panel
subjected to concentrated forces. Ppay = 1920 Ibf (8.55 kN); R = 0.05.

Crack length,
2a, cm



X, cm
0 5 10

4 r | Y
| O 0.5in. (1.27 cm) diam pin

3k —-- Theory , point load (ref. 14)

P
350

.0 1N
(4.7 cm) —X

P
| 1 —
2 3 4
X, in.

Figure 4.- Theoretical stress distribution at y = 0 for point loads and measured stress distribution for loads applied through pins.
t = 0.091 inch (0.23 centimeter).
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subjected to concentrated forces. Ppayx = 1150 Ibf (5,12 kN); R = 0.05.
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Figure 6.- Superposition method to obtain stress-intensity factors for a symmetrically cracked panel subjected to concentrated compression forces.
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la) Pin diameter 0.25 in. (0.64 cm); Spay = 14.8 ksi (102.0 MN/m2); 7075-T6 aluminum ailoy.

Figure 8.- Measured and predicted crack length against cycles for case D. The solid symbols represent the predicted results for the
corresponding experimental data (open symboll.
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Figure 8.- Concluded.
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Figure 9.- Superposition method for stress-intensity factors for a fatigue crack growing from one side of a hole located eccentrically in a 7075-T6 aluminum-
alloy panel subjected fo concentrated compression forces. Smay = 8 ksi (55 MN/m2); R = 0.05; Prax = 1090 Ibf (4.85 kN); Ppin = 910 Ibf (405 kN),
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Figure 10.- Fatigue crack propagation from one side of a hole located eccentrically in a 7075-T6 aluminum-alloy panel subjected to uniform load and concen-

trated forces. Smax = 8 ksi (55 MN/m2); R = 0.05; Pryay = 1090 IbF (4.85 kN); Pryiny = 910 Ibf (4,05 kN).
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